Cocaine and alcohol are commonly co-abused for reasons that are incompletely understood. Laboratory animal studies have suggested that, although the reinforcing effects of low cocaine doses are increased following chronic ethanol (EtOH) consumption, acute EtOH administration does not consistently alter cocaine self-administration. The present study examined whether EtOH influences another abuse-related effect of cocaine: reinstatement of extinguished responding. Rhesus monkeys that had previously consumed EtOH for 8 weeks (2.0 g/kg over 1 h, 5 days/week) self-administered up to 10 injections per day of 0.1 mg/kg cocaine under a fixed-interval 300-s schedule. After responding had been extinguished by substituting saline for cocaine, a pre-session infusion of saline or EtOH (0.5 or 1.0 g/kg, intravenously over 10 min) was followed by a 'priming' injection of saline or cocaine (intravenously). Responding was increased significantly by priming injections of cocaine, but not saline. EtOH infusions neither reinstated behavior when administered before a saline prime nor altered the priming effect of cocaine. The inability of EtOH to alter the response-reinstating ability of cocaine provides further evidence for a lack of acute behavioral interactions between cocaine and EtOH. Behavioural Pharmacology 27:633-636
Introduction
Estimates indicate that up to 90% of cocaine abusers also abuse alcohol (Helzer and Pryzbeck, 1988; Grant and Harford, 1990; Kampman et al., 2013) . The pharmacological and behavioral mechanisms that drive co-abuse of these drugs are poorly understood. Laboratory studies of various endpoints in animals and humans have produced mixed results. For example, in humans, cocaine and ethanol (EtOH) can enhance each other's cardiovascular effects, whereas effects on cognitive performance may be attenuated (Foltin and Fischman, 1988; Farre et al., 1993; Foltin et al., 1993; Higgins et al., 1996) . In laboratory animals, synergistic effects have been observed on motor endpoints such as locomotion and rates of lever pressing under schedules of reinforcement (Rech et al., 1978; Aston-Jones et al., 1984; Masur et al., 1989; Misra et al., 1989) . However, in nonhuman primate studies that model substance abuse, acute EtOH administration does not consistently alter the reinforcing effects of cocaine (Aspen and Winger, 1997; Winger et al., 2007; Czoty, 2015) .
The present study was designed to examine cocaine-EtOH interactions using another paradigmthe extinction/reinstatement procedure (Gerber and Stretch, 1975) . The extinction/reinstatement model represents a relatively simple, widely used model to study the behavioral pharmacology of cocaine. Under this procedure, cocaine selfadministration is extinguished by substituting saline injections until rates of responding decrease to near zero. Responding can be reinstated by administering a priming injection of cocaine as well as by exposing the animal to a stimulus that has been associated with cocaine or to a stressinducing stimulus (Bossert et al., 2013) . One interpretation of the effects observed using this procedure is that the reinstatement of behavior is driven by the ability of the drug prime to produce cocaine-like interoceptive effects (Gerber and Stretch, 1975; Banks et al., 2007; Keiflin et al., 2008) . By extension, another drug may alter cocaine prime-induced reinstatement through an interaction with cocaine's discriminative stimulus effects. Thus, the present study can be viewed as an assessment of the similarity of the discriminative stimulus effects of EtOH and cocaine.
Methods

Subjects
Three adult male rhesus monkeys (Macaca mulatta) served as subjects. All had experience with self-administering cocaine and drinking EtOH in the home cage as described previously (Czoty, 2015) . In that study, a cocaine selfadministration dose-effect curve was determined in monkeys with extensive experience self-administering cocaine (several years). Next, self-administration sessions were suspended and monkeys were allowed to drink 2.0 g/kg (in a solution of 4% EtOH and 6% Tang in water) over 1 h in the home cage 5-7 days/week. After ∼ 8 weeks, cocaine self-administration was reintroduced 5 days/week. Note, however, that exposure to cocaine and EtOH was separated across the day such that no EtOH was on board when cocaine was available and vice versa. All procedures were approved by the Wake Forest University Animal Care and Use Committee and were performed in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Self-administration procedure
While seated in a primate chair (Primate Products, Redwood City, California, USA) placed within a standard operant behavioral chamber (Med Associates, St Albans, Vermont, USA), monkeys pressed a response key under a 300-s fixed-interval schedule of intravenous cocaine injection as described previously (Czoty, 2015) . Briefly, during illumination of a green stimulus light above a photo-optic switch, the first response recorded after 300 s elapsed produced a 10-s intravenous injection of 0.1 mg/kg cocaine, initiated a 60-s timeout period (TO) during which responses had no scheduled consequences, and changed the illuminated stimulus light from green to red for 10 s. The chamber was dark for the duration of the TO. If, after the 300-s interval elapsed, 10 additional seconds elapsed without a response, the green light was extinguished and the 60-s TO was initiated. Sessions ended after 10 presentations of the 300-s fixed-interval schedule.
Once responding was deemed stable (three consecutive days with 1 infusions and no upward or downward trend), saline was substituted for cocaine until responding declined (< 2 infusions for 3 days). The next day, monkeys received an intravenous infusion of saline, 0.5, or 1.0 g/kg EtOH over 10 min. Immediately thereafter, monkeys received an intravenous infusion of saline or cocaine (a 'prime') and were placed in the chamber for a self-administration session under extinction conditions. The priming dose of cocaine was the lowest tested dose that produced a significant increase in responding during the reinstatement test (0.1 mg/kg for two monkeys and 1.0 mg/kg in a third). No more than two tests were performed before cocaine self-administration was reestablished. Each infusion + prime combination was assessed at least twice in each monkey.
Drugs and data analysis (− )-Cocaine HCl was obtained from the National Institute on Drug Abuse (Bethesda, Maryland, USA). EtOH (95% ethyl alcohol) was obtained from The Warner-Graham Company (Cockeysville, Maryland, USA) and diluted each morning. The primary dependent variable was the number of saline injections delivered. Data were analyzed using a two-way analysis of variance with repeated measures using infusion and 'prime' as factors, followed by post-hoc multiple comparisons testing using the Holm-Sidak method. Differences were considered significant at the 95% level of confidence (P < 0.05).
Results
When saline injections replaced cocaine and monkeys' behavior stabilized, on average, fewer than two injections were delivered. Administration of a saline 'priming' injection before the self-administration session did not affect the number of injections delivered, irrespective of whether that injection had been preceded by an intravenous infusion of saline or 0.5 or 1.0 g/kg EtOH (Fig. 1 ; three bars above 'saline'). Similarly, the ability of an injection of cocaine to increase responding was not significantly affected by a preceding infusion of saline or EtOH (Fig. 1, bars above 'cocaine') . Two-way, repeatedmeasures analysis of variance indicated a significant main effect of cocaine versus saline prime (F 1,2 = 28.7, P < 0.05), but no significant main effect of the preprime infusion and no significant interaction. Post-hoc tests confirmed that responding after a cocaine prime was significantly different from responding after the saline prime for each infusion, and that responding after a saline prime or a cocaine prime did not differ according to the preceding infusion. Data for individual subjects are shown in Table 1 . There appeared to be a dose-related decrease in overall behavior associated with EtOH infusion in R-1606 and perhaps in R-1505. Overall, however, individual subject data reflect the conclusion that cocaine increased responding that had been extinguished irrespective of the preceding infusion.
Discussion
One noteworthy result of this experiment was that noncontingently administered EtOH did not reinstate extinguished responding that had been maintained previously by cocaine. These data extend findings in rodents (De Wit and Stewart, 1981; Wise et al., 1990) to monkeys with a history of cocaine and ethanol self-administration. Moreover, EtOH infusions did not alter the ability of cocaine to reinstate extinguished responding. The lack of an effect of an acute EtOH infusion on the behavioral effects of cocaine using the reinstatement/extinction procedure parallels its lack of effect on active cocaine self-administration in monkeys (Aspen and Winger, 1997; Winger et al., 2007; Czoty, 2015) .
Although the extinction/reinstatement procedure has been used widely to model relapse to cocaine use (De Wit and Stewart, 1981; Bossert et al., 2013) , the validity of this interpretation has been questioned (Katz and Higgins, 2003; Epstein et al., 2006) . For example, the method of decreasing behavior, extinction, does not occur in humans. Moreover, this view assumes that the noncontingent cocaine injection increases extinguished responding because of its reinforcing effects, although this hypothesis has not been supported when tested directly (Banks et al., 2007; Keiflin et al., 2008) . Nonetheless, to the extent that the model recapitulates characteristics of relapse, the data suggest that alcohol consumption is not likely to lead an abstinent cocaine user to relapse. Moreover, the data suggest that the tendency of ingestion of a small amount of cocaine in an abstinent individual to lead to relapse would not be exacerbated by concurrent alcohol use.
As an alternative to the relapse interpretation of the extinction/reinstatement paradigm, recent evidence supports the historical view that the ability of a drug prime to increase extinguished behavior involves its production of cocaine-like interoceptive effects (Gerber and Stretch, 1975; Banks et al., 2007; Keiflin et al., 2008) . From this perspective, the present data suggest that EtOH does not produce discriminative stimulus effects that overlap those of cocaine. This conclusion is largely supported by previous studies of EtOH substitution in animals trained to discriminate cocaine from vehicle and vice versa (Emmett-Oglesby, 1990; Grant et al., 1991; Schechter, 1994) . Studies of drug combinations, however, have produced discrepant results. One study in rats trained to discriminate 10.0 mg/kg cocaine from saline reported that the cocaine-like discriminative stimulus effects of a lower cocaine dose (2.5 mg/kg), which produced 35% cocaine-appropriate responding when administered alone, were increased to 71% by coadministering 0.6 g/kg EtOH (which, alone, produced 29% cocaine-appropriate responding; Schechter, 1994) . However, in a subsequent study that more completely characterized EtOH/cocaine interactions, EtOH produced a maximum of 26% cocaine-appropriate responding and dose dependently attenuated the cocaine-like discriminative stimulus effects of a range of cocaine doses (Gatch et al., 2003) . The results reported here are more consistent with the latter study.
Regarding the co-abuse of cocaine and EtOH, the results support the view that the frequent co-administration of alcohol and cocaine is not driven primarily by acute pharmacological interactions between the drugs. Other behavioral and pharmacological mechanisms should be investigated in future studies. Moreover, a focus on chronic treatment conditions will likely improve translation to the clinical condition as chronic ethanol exposure may modify some aspects of cocaine's reinforcing effects.
For example, a previous study in rhesus monkeys (Czoty, 2015) showed that chronic EtOH consumption (2.0 g/kg/ day over 8 weeks) in the absence of cocaine selfadministration increased subsequent self-administration of low doses of cocaine that previously lacked reinforcing effects. Attention should also be paid to alternative types of behavioral interaction. For example, it has been suggested that some individuals may use EtOH to mitigate the negative effects of cocaine binges such as insomnia, anxiety, and agitation (Chitwood, 1985) .
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